Sodium dodecyl sulfate (SDS) is a foaming agent used to extract occlusion bodies (OBs) of baculoviruses from infected cells or tissues of an insect. However, these OBs may be damaged by SDS at certain concentrations. In this study, the impact of different concentrations of SDS on OBs of Spodoptera litura nucleopolyhedrovirus (SpltNPV) was determined. Even though the number of OBs harvested increased with the increase in the concentration of SDS used in the extraction, the percentage of damaged OBs also increased correspondingly as detected through scanning electron microscope (SEM) photomicrographs. The result also indicates that infectivity of SpltNPV on second instars of S. litura larvae reduced significantly with an increase of SDS concentration used in the treatment. Among the four concentrations of SDS tested, SDS at 0.1% was able to release more quality virus. Thus, SDS of less than 0.1% is recommended for obtaining optimum number of quality OBs.
INTRODUCTION
Sodium dodecyl sulphate (SDS) is an anionic surfactant capable of disrupting non-covalent bonding in proteins and denaturing them with most proteins that lose their functions completely or partially in its presence (Yamada et al., 1998) . In insect pathological works, SDS has been used routinely for extracting and purifying baculovirus polyhedra from infected cells of diseased insects for bioassays (Thorne et al., 2007) . The compound lyses cells and expose the DNA. Currently, sodium dodecyl sulfate is being incorporated in polyacrylamide gel electrophoresis (SDS-PAGE) for analyzing baculovirus structural proteins (Scharnhorst and Weaver, 1980; Zuidema et al., 1989) . However, exposing baculoviruses, particularly nucleo-polyhedroviruses, to SDS has been shown to be damaging to the polyhedra (Linda et al., 2003) . Lee-ju and Hou (2009) was suppressive to Bombyx mori nucleopolyhedrovirus (BmNPV) infecting silkworm cell lines, Bm-N. The damaged polyhedra lost their polyhedron envelopes (PEs) and the virions dislodged from the polyhedron matrix, leaving empty spaces that were previously occupied by the occluded virions (Linda et al., 2003) . The PE is vital to the biological activity of a polyhedron, as it ensures the retention of virions within the polyhedron complex (Gross et al., 1994) . A Malaysian isolate of Spodoptera litura nucleopolyhedrovirus (SpltNPV), pathogenic to its host S. litura (Sajap et al. 2000) , has also been subjected to SDS in lysing cells of the host insect for harvesting the occlusion bodies (OBs). However, no attempt to determine the quality of the OBs produced through the process had been made. Thus, this study was carried out to determine the impact of SDS on the quality of OBs of SpltNPV.
MATERIALS AND METHODS

Propagation of SpltNPV
Larvae for virus propagation were reared on leaves of Hydrocotyles sibthorpioides, locally known as pegaga. The leaves were surfacesterilized by soaking them in 0.5% sodium hypochlorite for three minutes and rinsed twice in distilled water. The leaves were then cut using a cork borer into 1 cm discs. Ten micro-liter of virus suspension was pipetted onto each leaf disc and air dried on an aluminum foil in a lamina air flow. Third instars S. litura that have been starved for 24 h prior to the experiment were individually fed with a piece of contaminated leaf disc in a Petri dish. After consuming the entire leaf disc, the larvae were supplied daily with uncontaminated leaves. Larvae with polyhedrosis symptom, five to seven days after treatment, were collected and used for the following experiments.
Preparation of SDS
SDS Sigma® of electrophoresis grade, ≥98.5% (GC), was used in the experiment. One hundred grams of SDS was dissolved in 900 ml of distilled water warmed to 60°C to assist dissolution. The pH was adjusted to 7.2 by adding a few drops of concentrated hydrochloric acid and the volume was adjusted to 1 L in distilled water. The solution was then dispensed into aliquots and kept at room temperature of 27°C. The SDS was diluted to 0.2, 0.1, 0.005 and 0.0025%. The effects of the SDS on the OBs were observed under light and electron microscopes. Each concentration was bioassayed against third instars of S. litura
SDS treatment
S. litura nucleopolyhedrovirus were isolated from diseased larvae by homogenizing 1 ml of distilled water. This homogenate was treated with SDS following a procedure that was modified from a standard technique used for routine purification and dissolution of NPV polyhedra (Jones, 2000) . Two volumes of SDS at different concentrations were added and incubated for a period of 30 min. The homogenate was centrifuged at 1,000 xg for 15 min. The pellet was discarded and the supernatant was collected and centrifuged at 10,000 xg for 15 min. The pellet containing virus was collected by washing twice with distilled water and spinning at 10000 xg for 15 min. The OBs was observed under a light microscope and the number was calculated by using a counting chamber following Wigley (1980) 
Scanning electron microscope (SEM)
The virus was treated with four concentrations of SDS (0.0025, 0.005, 0.1 and 0.2%). The viral suspension was maintained in the SDS for 30 min. Samples of pellet (debris) and supernatant (homogenate of virus) from each SDS treatment and untreated virus were processed for SEM examination. Samples were cut into 1 cm 3 before fixing with 4% glutaraldehyde for 12 to 24 h at 4°C. After washing for three times with 0.1 M cacodylate buffer at 4°C for 10 min each, the samples were fixed with 1% osmium tetroxide at 4°C for 2 h. Washing process was repeated twice by using 0.1 M cacodylate buffer for 10 min each. The samples were dehydrated through a series of acetone, rinsed once in 35, 50, 75 and 95% for 10 min each and three times in 100%, for 15 min each. Samples were then transferred into specimen baskets before being placed into the critical point dryer for 30 min. The specimens were stuck onto the stub using double side tape or colloidal silver, and gold coated in a sputter before being examined under SEM. 10 photomicrographs were taken randomly from each treatment and the number of damaged and undamaged OBs were assessed and expressed as percentages. All photomicrographs were taken at 5000× magnification for standardization.
Bioassay
Virus suspension that had been maintained for 30 min in four SDS concentrations (0.005, 0.01, 0.1 and 0.2%) was bioassayed on third instars of S. litura following the method described by Jones (2000) . The H. sibthorpioides leaf discs were treated with 2.4 x 10 7 OBs of SpltNPV (SDS-treated or untreated). They were then allowed to dry for 5 min. One larva was put in a Petri dish containing either treated or untreated leaf disc. After the larvae had consumed the entire leaf disc, they were given fresh leaves. Larval mortality was recorded daily. 10 larvae were used for each treatment and each treatment was replicated 10 times on separate occasions. Thus, a total of 100 larvae were used for each treatment.
Data analysis
The number of damaged OBs after treatment was determined and percentage of damaged OBs was calculated as (number of damaged OBs/total OBs scored) × 100. The mortality rate of infected larvae was subjected to arcsine transformation before the impact of the treatments was evaluated using a two-way analysis of variance (SAS, 2004) and the means were compared using Tukey's Studentized range test (α = 0.05).
RESULTS
Symptoms of infection
The infected larvae showed typical polyhedrosis symptoms. The integument became flaccid and turned pinkish. The infected larvae ceased feeding after three days post inoculation. The dorsal, lateral and ventral side of the larvae turned to pink colour as compared to the green colour of the healthy larvae after five days of infection. The larvae regurgitated and ruptured after seven days post inoculation, releasing white body fluid that was filled with occlusion bodies (OBs). The texture of the fluid became smoother when higher concentrations of SDS were added. The homogenate became less clumpy which eased the counting of OBs.
Counts of normal and damaged OBs
The SDS treatments evidently increased the amount of OBs harvested (Table 1) . Average number of OBs harvested increased by one-fold when treated with 0.1% SDS and four folds, from 1.2 x 10 7 per ml in untreated virus to more than 4.5 x 10 7 per ml, when the virus was treated with more than 0.20% SDS. Counts of damaged OBs under SEM showed that the percentage damaged OBs in treatments with 0.0025 and 0.005% SDS were not significantly different from those in untreated virus. A significant difference was observed for treatments with more than 0.10% SDS. OBs treated with 0.0025% SDS resulted in 1.55% of damaged OBs and the damage increased by 33.01%, with a total of 53.81% damaged OBs, when the concentration of SDS was increased to 0.20%. The untreated OBs also contained 20.8% of damaged OBs. The percentage of damaged OBs in the debris also increased with increasing concentration of SDS used in the treatment. The damaged OBs increased by 26%, from 12.97% in untreated to 38.99% in 0.20% SDS-treated virus.
Scanning electron microscope (SEM)
We examined the treated and untreated OBs harvested from the homogenate and debris of larval tissues. Some of the OBs in the SDS treated-homogenate had their virions dislodged from the protein matrices leaving empty spaces in the OBs (Figure 1 ). These virions dislodged and damaged OBs were evidently smaller than the normal OBs. Some of the OBs were not able to complete the formation process before the cell rupture. Figure 2 shows normal and damaged OBs after treatment with different concentrations of SDS. The normal OBs appea- red smooth, while the damaged OBs had pitted surfaces. The proportion of damaged OBs was evidently higher in homogenate that was treated with higher concentration of SDS ( Figure 2D ) than those that had been treated with lower concentration of SDS (Figure 2A ).
Bioassay
The result of the bioassay shows that SDS significantly reduced infectivity of the SpltNPV when it was used in a concentration higher than 0.10%. The mortality of the larvae dropped by 24%, from 96% in the untreated to 72% in the 0.10% SDS-treated virus. LT 50 values increased significantly from 3.51 to 4.34 days when the concentration of SDS was raised higher than 0.10% (Table 2) . At concentration of 0.20% SDS, 68% mortality was recorded.
DISCUSSION
Polyhedron envelope (PE), a membrane-like structure that surrounds occlusion body (OB), stabilizes the virions in the environment (Blissard and Rohrmann, 1990) . In highly alkaline conditions, the PE may be degraded and consequently reduce the infectivity of the virus. The LT 50 values of S. litura larvae treated with SpltNPV increased to about four folds when pH of the viral suspension was raised from seven to eleven days (Sajap et al., 2007) . In a natural condition, the pH in the larval gut system, varying between 10 and 11, catalyses the rupturing of the PE, thereby releasing the virions (Harrap, 1972) and subsequently initiating infections in the host cells. In this study, dissolution of OBs was observed when SpltNPV was treated with SDS. Even though the yield of OBs harvested increased with the increase in the concentration of SDS used, percentage of damaged OBs also increased. Result from this study shows that SDS of more than 0.1% is not suitable for extracting OBs from larval cadavers as it increases the number of damaged OBs. Severity of damages caused by SDS treatment on OBs, however, varied with the types of nucleopolyhedroviruses and to certain extent, the protocols used in the experiment. A less severe damage was observed on Helicoverpa armigera nucleopolyhedrovirus (HaSNPV) treated with 0.5% SDS for 30 min as it only caused 20% damaged virus (Linda et al., 2003) . This shows that different types of the NPV could possibly posses a different degree of tolerance to SDS. Severity of damages on the OBs was also reflected on the infectivity of the resultant OBs. Third instars S. litura bioassayed against OBs that had been treated with more than 0.1% SDS had significantly lower mortality than those that had been treated with untreated virus or virus in less than 0.1% SDS. This result confirms that SDS, when used at high concentration, deleteriously affects OBs of SpltNPV. It is recommended that SDS of less than 0.1% should be used to obtain optimum quality of OBs.
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